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& W 4% Ob. 

$fc 2L & A & 7T & • 

£ 1fr & #«f 

it m, $\ n ^ & & m i & m & #. ^ * & m / m m a it n 
Am * t&iA&3Lj$tgL&&&/temi$ ' ii m & if ^ ^ ^ 

iJflt^-ait^4.^^>!i#^ft-^^-^'^'^ r i«3_h#u ( 

* %l M il T *P £l. -t * ) j JR. r^TiM&^^^-t^^T 

* ) j ^ « ^ 3, ' r ft _t >>ft j ^^^^ji&^S'Jai&^pHte 
' * £ * *■ ^ * ^ ' ^^^*&#^i££^ilt^t$LiL 

- # it A iL ^ if it H j& ^ it # ^ ^ ^ • jtb *b * ^ ?k >jfc 
^i^^i^ > Ejib^Lftit^^^^^^^c'^^J: ' J? JL ± 4S. 

>% £ ( ?p a m. & m at 4l © ia i& » « p. ^ *. ^ 



41 *&■ & it aft ) • ^ ifc Sit * T I* ° r ft T j >5T 

3,#fe#*Ij**rt^JifiJfc' I s ] # & It 41 $L ^ ^ , I* £ ^ 

it i& IS. ^7 '^A***.^*^**.' m B# it *i a ft # ^ 

# =£■ ' ^#;^>*^L^.#a^il-gS:**^f^ffl(*l^)^^ 
Sl^^b^^^^--'--^:^^.A^>^^4-#a^i4-tfc*»r 
A it 1 0 7 C F U/m 3 - a i r • 44. & >M %L ft. #G 4. 1 0 5 C F U/m 3 - a i r 

#J £ 4- -3r ^ • 
& H £ ft & 

lW**'i.**zfcft.^ft-t.i*i7Jta^r^,' & *J ffl r *&■ 
1 / II I t I j ^ r f 1^3 T f it a M j ^ r 4 * a f ;^ 
l& St X j>5l r ISftBlJfc 4b (dust)/>* flit (grease) 

^III > I^Sfpgii^I^l (pressure drop) ? 4fe J£ ' 
itftlt-^i^it^*!** ' #*4* (bioaerosol)^ A 

# ^ f • *#"fl4L#Hjla$tt ' & ^ : - *fr £ / >ib 



m m at s. • ffl«i4jt«tAai#i,; - ^ ta^jt 

J[ - # - M H • S ^ - HIL o ^ - 4 H o » ^ 

t« 1 i^i«jtI^-ilj|,o^tt - ; - 4 * t S I 

& ' & ^ - Tfj £f$ . - ^^^^-ic?i*t-fg]^#>^yfi 

«. Jt 4i i ^ — & Ho3fc4fc;tt*£4fciLj|»tt*AM 

4i $t <t 4fc g| ^^L^ttJi ; ^-^^a^-^f^^X • 

*.#«W+4L#A/>*J8ifial*.X(#-*,B 1)^ « £ » (# 
i 4£ 3t i& ^ ^ 5£ t ' « *L # * ^ 100 mesh 
4i#J»f<iA ' & # 4i ^ ^ T ^ IK *i #l - £l ' # ^ il 

*ft^^,»j*A#4i#44TJfb**w*# «. m ft m & m ft 

4i H ft # 1f • «h 2*- 100 mesh ii 0 #j #, # & * Bfc" # 

t 1 / * S§ # ^ ^ I i t 1 i • 

*i^T«it«.*i*(4-JL»2)i#««n > ft Ji & * ft 

t m & & • -fe? & m n -=r & *i a ft an » «. n * -t 

i j f ^ f J ^ i St tft ^ f //r * t • HI n*-toik*rJk-f-*> 



H * il ^ # -sf » ft _L & n T #o ^ & 4l *t fl- w T -4 £ af- 

- a. t> - * m m * - *. * * # t - 

*-##*#**A#l»l!**tltJI&* ' JW * >€ >fc * ^ # *I 

jg, lit & -tat £ & i$- m t • # j* 2r #] 

* ^ -ti ^ ^ I, I, ^ t ^ 'fi f i ^ ^ ^ - *fe * * ft 
Ill * A i > W ft * * #5 * # IT • -r*C*Ii8l«fc^»i^ 

* #i iw "*r -ft : — #l ^ il * & & #■ - a - a # * i£ " 

ft**#*H*^*^/£&^^i&^>ft*l4t4fc^4fc:it ; # ^ 
«LW*^,Ati*3t» ' * t H fit # *F -ft ■ : & 4t AS. - % A 
A » ±£ flc » # & - J£ ^ >4i^^:^ J* & * & 4s. & - A IL 4b 
m * *fc £. A ^ J* ^ * *6 » ft JR ilt " i A i ^ ^ ^ ^ 



* to t ( W • * Sfe # ) - Wl^^iL^^IS*,!**^ 

3L&mm&H%>&yz & & + 

ft ^ A : * ^ # Sfc Jfe - *^lli«lftH4lfSH«i| 
4fe (*I *» ' ENT($c 6^) " ENTP(3t. f5 # »*) - ENTB(^ T 

- pu(^^^4f «tj»>) - m m m- m ifit i ^ * ml m 
m - m* m % - mm- ^^>t • # « & <t # ^ 

At # ifc 4* ' &t^#ft##M^T^ : ^ — « ' 
dimethyl- adipimidate - dimethyl suberimidate - M #5" $r (aliphatic 
diamines) i& £ Jfe «i ( #J -fo» : E, — JSc ) ^ # W » fl& ^ # U 
& € At # ^ >sr * ' H'l ^ : 

Methanotrophic consortium » Methylcoccus capsulatus - 
Pseudomonas cepacia^ % 4& Jp- H ) * P s eudomonas 
mendocina(n£ BUS. *?■!&) » Pseudomonas put ida( 
#Ssi) 4 Pseudomonas ac idovorans(i£%& / i?lW-J£Ll£i) * Pseudomonas 
pyocyanea(£fcf!$.$-~f£i) ' Pseudomonas fr a g / ( 3£ 3& M # ft ) ' 
Pseudomonas aeruginosa^ ^ M flfe ft ) * Pseudomonas 
c h I o ro r ap h i s ( 3&£M§.^F-Jife ft) * Pseudomonas denitrificans(ftii1L 
#1 flfc ft ) * Nitrosomonas europaea(3k*H i£ Jfe ft ) » 
Nitrosomonas cryotolerans * Nitrobacter agi li s ( 7§ , 3$frft4b#ft 
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) * Nitrococcus m o b i I i s ( iJ| % J2L *% 4 b |g ) * Nitrosospira 
m u 1 1 if o r m i s ( 0> ?Q & *H b% $i ~l£i ) > Nitrosococcus o c e ani * 
Sulfolobus solfataricus( $L ^ ^ 4 b M ) * Sulfolobus 
acidocaldarius^WfaMW) * Sulfolobus s h i b a t a e (^W^b^lg 
) * Sulfolobus hakonensis * Thiob a c ill us f e r r o o x i d a n s ( 1Mb 

* Thiobacillus ne ap o I it anus ( #P ^ ^ *f «t#flff) * 
Thiob a c ill us denitrificans{ %L Sl $L # M ) * Thiobacillus 
»ove//flj(#f^fll#if) - Thiobacillus i n t e r m e d i us ( t WSflMftl) 
* Thiobacillus thiooxidans{^Vc^^u^-^) * Thiobacillus 
t hioparus * Thiobacillus versutus * Thiobacillus 

acidophilus * Thio sphaer a pantotropha * Sulfolobus 
acidocaldarius("%%k&XfiL4kik^) % A chr o m ob a c t er s p . ( 
) * Ar throb acter s p . ( >H) x Aspergillus niger( 

M.^&W) * Aspergillus sp.(#M>^) % Arthrobacter g I o b if o r m i s ( 
3&S3NMfH) * Acinetobacter c a I c o a c e t i c us ( #*t<5#it#tf ) * 
Aeromonas s p . ( ^L^FjJfe jl] x Ale aligene s eutr ophus{%^M.^k^ 
) * Azotobacter s p . ( @ It £ ) - Bacillus sp . ( ^?&#||>i) - 
Bacillus gordonae( X&^l&^lii) * Bacillus sphaer icus(^^^ 
flfe+fH) * Bacillus cereusifa^tff&^IM) * Bacillus subtilis( 
* Beijerinckia sp . ( £f-3£#»& ^ff>i) * Brevibacterium 
s p . ( " Amocbobacter pediof ormis * Rhodococcus sp.( 
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fc$ 8 I) - Rhodospir ilium rubrum{ *t ±1 # f§ ) * 
Chlamydomonas s p . ( ^ 31 45 ) x Coniophora pueana * 
Cunninghamella el e gan s * Rho d o s p ir ilium fulvum( ) 

* Frateuria sp . ^ My c o b a c t e r i um sp .( frtk^-Wi Ms) ^ N e ur o s p o r i a 
crfl,s < sfl( * Rhodopseudomonas pa I us tr is * 
Rhodotorula glut ini s ( #i £x Hj ) - Rhodopseudomonas 
capsulatus( H JSI f -^Mfe St ) * Rho domicrob ium vannielii * 
Chromatium gly c o I i c um{ * E c t o thi o rho do s p ir a 
mob His * Thiocapsa I it or a I is % Chlorobium t e p i dum (%i$LJ& 
lit) * Chloroflexus aurantiacus{^^l^%) > Tr icho derma sp.( 
^^lt>§) * Methanobacterium formicicum^f^^^^^) * 
Me thano bacterium thermoalcaliphilum * Me thano s arc ina 
b a r ke r i ( ^ J^T^#M) * Desulfovibrio de sulfur i c a n s (ffljtfL^l^i) 

s Desulf otomaculum nigrificans * Nocardia sp.(l|f >|) 
- Paecilomyces sp . ( % Penicillium sp.(^Nl£M>§) * 

Tr ichoderma v i r g a t u m ( ^iMt* M-3&) * Tr icho der ma virid($$i&js 
IS)^ Trichosporon cutaneum^ • ^*|gttg|^^b#L4L^ 
a ± 4^ ft ft ■ *T It A 4ft <L 4fr at t 4i © * afc ^ £ 

*IL*il* • JL ^ *» ft ft 4t ft A a *t ft •■ 

* *fe * * 

*#^^#te1T;&^A*»ll|40f* ■ & ^ - # ft 4l 4. 
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« ft & £ ft ' & / >*jisisafc$t*i* f t it a 

o 

###14' »Si&i&i£ii#&&- : 41 JB. J3 2 - >jfu f t 3 ^ f 
« it 6 > * It i& ft «. Jl 7 > %L St m * If >£ 8 - # $ 31 1 0 • 

*■ # B £ ^ f & fcl t Hi * «t A a 4i A- a * *&■ & / >6 IS it ft 

*f-3*£ft-»rH£ifc#l*ilfc5' # « « fife #•! AS # it J- tfc # 4& 

' #&^J&i£#££^^^^P£3t«9> * «. # A a ift 41 
m 0L # J- *b ^ & • 

£Mt Bf ' ^j£SiL/&-4l*fte4tJ&,&2^tei£«fii&^&-,£/ 

i* Jig ifi « t I 1 ' /^ILt^L^^^ >* Jit & 

Bfr ' jib ' it-^^*^4i^aM 1 ^2^i^^^llI#4i 

& M - *i * »r & • it H: # * a .4 a * 1st mt « 

PR. • 

tt*b^JgL^24i^ii#-^*it3'^d7 ^ 3S- + liif t 
#1 i& A ^ # if 4i ifk m • it fli ft * iL ^ H & # J* S 4i % ft- • 
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5 2 3r ft • ^#*Lsft?|4£j.ftJifliL^^54i&ftTaii^J&56 
- ^f^^ill.^^t^If^^rfiti^^ (directionally 

switching mode) • ^^B^^^^ftitlLC-fc-ilT^T)' 

JI»J Zfc ^ - ^ ft it 

a • #4*<ffc£-&it3MMX*.J.X-t-*#-sr)' # & ^ 
it a 7 i^I it i ' it fla ife ' jfc ' ^#3&&-g-#i&^ftit 
Hi* ft • 

# & >* ft T >* M ^ # » a * * it t% ^ ^ %L tt it 
tin ' *P # A : # It * A ft -t- M A • #L Sit 

6 ft it >fc j& *p it ^ » m & it -fa jl ^ n 1 3 e 4. m jsl m & * it 
& *a m * «. #. #t ' * >ft ^ >*. t£ # a • 

Hi^^^I9' ^ & * ft it ifc Tj| £p # tts • ^ ft, 

fe K I t i i ^ I. f ;^ ft^ t I 9^ A o • JL it ^ £ H J8P- 
Ffc *. X 9 ft £p ■ 
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& ft ft ^ ± m & m b \ 3 % # -t & ^ n ® 

• i^l&iUtHlft^tiilfe > £. ® %l %f & £. $L 

H 5 fii • ^ * r£ ^ _l . «#A/j*J»a5j**.X^Hr* 
£. 4fc >* ift * ' * # 240 ^ ^ m m St 4t • & H t *» 

^ F3 ifc T ' li il'J il 4 8-50 mmH 2 0/ra - i& 46. # ft 
± %b iM 3 00 mm H 2 0/m « |S]et*W64i^.*SjJBI««iWT*» 
' A/fl#*,ft/jfcJ©ia$**:*iLlt*£#bi»a4s. ' ##240 

& 7 ± i • pH *i 4i * & # ' ffl8^*^j?j^iij^r^ita 

* ft *L t ± to HI ' A m. & *t & & %L 4t & 123 K to W 
' * m Jt ft ^ & Jt 4t ft & 45 %± 5 % • £ * jS ^ 

*l #8 * 1 # ° 

- 15 - 



^f-t^ftffl-ti^afi^ltfl ' J* & # *. W 4 
^ ' ft « 2 ^ ^ ' ^13^^ • & fet^lii^t^l • 

# £ * jfc & # ^ ^ 1 % ft 5 * #0 1 2 * Bf ft . S. ^ i. ft 

& H It # & Bf nq 3 0 # ifc 4 5 *> ft it 4f 8H ^ • f i ^ f m £ 
$ ^ 4g- # J- -4 r NAig- # £ (Nutrient agar) j • jfc 4£ # 
& iL # *. »j £ #l % 4^>lii#io j|tl|-ti«ti^ 

• « *i ^ ft # *j n is 3*. * i ft & # * j& 7.4 x i o 5 

~ 8.9 x 10 5 CFU/m 3 -air » 4t f£ i J* # 4. ft H J0- : A f& 3t 
£ ' ifc litiltf ^U6.6 x 10 4 ~8.2 x 10 4 

CFU/m 3 -air • «L * ft & ft *• ^ * £ # Jt. S ft ' i ft I f t 

A**^T*'«---*t"^1lft^**j&55ft^.^J*>fe,#Jt 

*4L«aj*fcBLtt# ' 4. ft a Jf- ^ fi£ A it 9 9 . 9 % - it Jt 
f 6 ' 





SirSRte. 1 


(J**.*t*.«tita) 




HEft6* 


30 #' 


7.4 x 10 5 


8.2 x 10 4 * 


2.6 x 10 3 


ND** 


45 


8.9 x 10 s 


6.6 x 10 4 


1.7 x 10 3 


ND 



*<L4fc »jL#(CFU/m 3 -air), **ND < 58 CFU/m 3 -air 
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& — {$ m -ft A & *t S. ± to H M- A i& «. ± ^ ' % ft M HI ^ 

if- J. * ® • Uft^B*fti^«b#^il6it3.6x 10 4 ~6.2 
x 1 0 5 CFU/m 3 - air^£.4fcftJH-i&-ft& i|L • fln ft ft AS. S ^ 4b 4l 
$ & m it % >b ^ 100 CFU/m 3 -air^ ± to H W * *J # ° ^ *fe 

**ii*'ist#*##iSftB£4b4^it#®**Aa3&# 

% ifc * ^ # *. EI £ 4b $ ft • 





*4fc* 1 *L 


45 * 


90 






EU£4fc 








®%.<it 




7.3 x 10 8 


7.6 x 10 8 


7.4 x 10 6 


6.2 x 10 8 


3.2 x 10 s 


6.8 x 10 8 




6.2 x 10 s 


ND 


3.6 x 10 4 


ND 


5.8 x 10 4 


96 




90% 


99% 


85% 


99% 


83% 


99% 



*Mft#^*(CFU/L-reactor),^^|L^-J.*(CFU/m 3 -air),ND < 12 CFU/m 3 -air 



& u jl it & w t ^ ^ j# «i ^, & m ' st & ^ a J& 
a $ ft #8*t*^*fe4L^*bJta*<fe > £ & * * & A i >* ffi 
>x m - at *h ph it ^ m jt ^ &. m * j& a ia «. a #T ^ £ 

to a 0 ^ * «E M ^ -I- • * ' f I - 

*ft^!fcifell*ft*£4fe*lJI*i4ifc£i3ltfftB&4b4fc4lf 

*ffl*#ft#l,i#jlaiiisift • ^r* « a : ( i ) a 

^ A S & • ( 2 ) F£ 48. & # # ' ( 3 ) & -^l £ ft 4£ ffl ^ PB- ' 
(4)Pfrte£#/lt0-i&4fc ' (5)ifj&P*ftJ&/8|£B ' A (6)& $ 
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4± ^ « » • 

* # »U3 M * _L i& * & #-J ^ £■ a #T ft £ ito M n to & i$L ' *fr 

#<E#<&tt*fc&&4i24:&' B * tr it fcl ^ « a ^ • * ii * 

m Jl 5k t * 4 *l *£ K t ° 
B ffi * ift « 

B 2^ f ^ »r f it a I. .tt f it t * t I : 
B3J^^.4fclL*i4l^*J[^*B : 
B4^*.#^1t«fe^J^*B : 

B5«^Affi*^>ft/j*l8iaj»*I4Llt*i4fe>"»i*** 
« %t Vc ; 

& * m m. % ; 

I 7i -f f ^) T f ill. I -t f f i i ;| ;I ^ t pHfi 
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(14) 



MS 



lb 



# it, # # tt ift 9! 



1 


.L\ rig 


/ }& 


7 J3a /il ^ 


2 






M 


3 


/iiL 






5 


-5J- 


'/fit 


g» 

i^J JL 


6 




*t 




7 


tf£ ft 




m % 3L 


8 


m 


* r— r 


>JfL Tjf tig 


9 






giP .-J.- ir/s. Jtt- 


1 0 


W $C 






1 1 


m m. 


rtri 

si 


lb -f- X 


1 2 


«. ft 




m # 


1 3 








1 4 




IS 


m # # 


52 


m n 






54 


ft _L 




* * 


56 


i% T 


>jfL 
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i . - *j m >t m A m & m ^ & n A m $ m. ■ & & • 

- & & / >* fl§ is at 3t £ * ffl«*at«tJta^./friL : 

- -T « ft 3t j£ ' * t - »5 ri > i^-illioli. 

^ - jii i o 'tti^-itJtPitfttt^Aaatstji >m 

- i ^ & s $ m > & ^ - m ^ > - m. *p &. - & ?i 

^-tl^^^^^^^iu £ # ft -t ; ^ ????? 

St X & - §■ If ' £• H J* 3t ?l «. * ^ 100 mesh ^ J* 
Jt # # • 

3 . *» t ft 4 *l la IS # 1 J I ^ * It Jfc S£ & & ' $r t iS & 

«.Jf&^i^-*«S- ' * l>3 4 t ?L t ^ ^ lOOmesh 

J* & *t «■ - 

4 . *» t ft 4- *J H m % 2 & 3^i^.ji-iLAa*«t'*ttt 

& # # ^ ^ ^ *K *i #1 - 4±#.>&>t#l£- + iL- • 



5 . 


-to 


t 


n 4- *i 


la IH 


£ 1 J I 4L /* 


It 






* 




f ft N 


n • 








6. 




t 


«■ 4 *! 


ft E 


* 1 ^ 4i & 


H 










ni 




o 






7. 


■to 


t 


tt 4- *i 


$e SI 


^ i *n m 












€ ft M 


n • 








8. 


■to 


t 


it 4 *I 




% \ ^ ^ m 


H 










?}£ ft£ 3t 




— % & 3t x 


o 




9. 


■to 


t 


it *J 


£ m 


# 1 4l A- 


A 


Aa id «b • * + * 4# 




*. 




^ fifc- «. 


S. tL 


^ * *h * « 


o 




10. 


■to 


t 


it -#- *J 


4£ II 


9 1 * 4l * 


IL 


Aa ift'* t*i* 








;4 fi^ 


S. tL 










il 


* * # 


o 








1 1 . 




t 


it 4 *l 


£ IS 


9 1 0 *jf il £ 


* 1 


tAa * *t ' t it & 




#> 




fl* 3* !*■ 










*. 




*&■ #. > 






^ -il £. t 4i - o 


12. 


*» 


t 


it 4 *l 


£ IS 




► * 


L A * *t ' £• t it £ 






n 


Jf- 




+ ^ ^ n /« % 








to 








* It #1 • * lit #1 * ifr » & 






* 


-^c 5£L /}5c 




# it A • 






1 3 . 




t 


it 4 *l 


11 IS 


# 1 J f 4i * 




a ^ • ^ t t 4 4i? 



14. * t t 4 ^'J la ® I 13^t|liIS|,l > If ti 

15. *t^**J«II! 14 ^tlULiia $ ft ' ^ t t 4 
«l4*-ILIL4b<R-^4taLi-3^JB|t^ - * - fit H H - 

16. ^ * n * *i $& m % i j ii ^ * a a a & ft • * * ± & 
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